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ABSTRACT
THE SITING OF REGIONAL SANITARY LANDFILLS OR FACILITIES FOR




The pollution problem from municipal solid waste in Thailand is serious. Population
growth and rapid economic expansion have resulted in a significant increase in the quantity
of solid waste. Inadequate provisions for waste collection, shortages of disposal
equipment, and the inability of the responsible agencies to find appropriate disposal sites,
also are major causes of the present problems. The environmental impacts that result from
unsanitary disposal sites have become a serious public concern across the country.
Environmentally protective and publicly acceptable siting of regional sanitary
landfills or facilities for municipal solid waste management in the upper southern region of
Thailand: Chumphon, Krabi, Nakhon Sri Thammarat, Phang Nga, Phuket, Ranong and
Surat Thani Provinces represents a key contribution to solving the solid waste dilemma. In
an approach to environmentally sound siting procedures, solid waste quantities, haul
distances, and location restrictions following "The Regulation and Guideline of
Municipality Solid Waste Management" by the Thai Pollution Control Department (PCD),
were considered as important data resources in a Geographic Information System (GIS)
approach to siting. Other factors to be considered in evaluating potential sites include
engineering factors, comparative costs, and the environmental impact assessment. An
additional goal is to evaluate the approach to locating landfills and other environmental
management facilities in the Thai context.
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The objective of this work is to develop and investigate a procedure capable of identifying
appropriate sites for provincial and regional sanitary landfills or facilities for municipal
solid waste management in the seven provinces in the upper southern region of Thailand:
Chumphon, Krabi, Nakhon Sri Thammarat, Phang Nga, Phuket, Ranong and Surat Thani
Provinces through master planning, development and application of site selection criteria.
In this thesis, the approach to site selection was based on site screening criteria that
included the quantity of solid waste to be managed, the haul distance for the waste, and
location restrictions that adhere to " The Regulation and Guideline of Municipality Solid
Waste Management" by the Thai Pollution Control Department (PCD) of the Ministry of
Science, Technology and Environment. The initial criteria for siting were incorporated
into a Geographic Information System (GIS) approach for locating suitable sites for
regional landfills in the upper southern region of Thailand.
An outcome of the overall study will be an identification of possible landfill
locations that can assist the municipalities in alleviating the acute environmental health
hazards that may result from poor solid waste management practices. The implementation
of the plan is expected ultimately to result in cost savings and to facilitate economic
development in the participating municipalities through implementation of a siting process
for a regional landfill or facility for solid waste management. In a larger context, the
approach used, especially the development of a GIS approach to locating suitable sites, is
expected to serve as a model for similar siting needs in other parts of Thailand.
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1.2 Statement of Problems
The problems of municipal solid waste (MSW) management in the large Thai
communities like Bangkok and the major regional cities like Chiengmai or Phuket
Province have become evident and enhanced in recent years. The amounts of MSW
generated in these communities tend to increase every year. It is reported by the Pollution
Control Department that in 2000, about 13.9 million tons of MSW was generated
throughout the country or 38,000 tons/day, while the overall waste collection service
covered only about 80-90% of the total MSW generated. The major causes for this
problem are inadequate disposal equipment and tools and the inability of the responsible
agencies to find appropriate disposal sites. Unless the problems are tacked more
unsanitary disposal sites can be anticipated and consequently the potential risks to human
health and the environment are unavoidably aggravated. The rising problem stems from
several causes:
1. The allocated budget for MSW management is always meager. Service fee
collection is also not fully effective.
2. There is no active planning for establishing common disposal facilities for
adjacent communities.
3. There is no definite regulation and guideline for MSW management hierarchy
starting from source separation, collection, transportation, disposal and
monitoring. Development and application of such an approach could moderate
or reduce the quantity of MSW that requires disposal.
4. Waste recycling programs in communities are still scarce.
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5. There is a shortage of skilled personnel for operating efficient waste collection
and disposal facilities and services.
6. The existing set of MSW legislation does not adequately facilitate the,
management of MSW in an effective direction.
7. Public cooperation and participation is limited, as seen, for instance by the
unwillingness to pay service fees, littering habits, low participation in waste
source separation programs as well as the lack of positive support for new
disposal facility projects.
In this work, the upper southern region of Thailand which consists of seven provinces,
Chumphon, Krabi, Nakhon Sri Thammarat, Phang Nga, Phuket, Ranong and Surat Thani
provinces was selected to develop a siting procedure that is capable of identifying
appropriate sites for provincial and regional sanitary landfills or facilities for municipal
solid waste management. A goal of the development of the procedure is that it also would
be applicable to other regions of the country. One of the issues that effects siting is the
difficulty in rapid identification of areas that meet the regulatory siting criteria. It is
expected that the application of GIS to the problem in this region of Thailand will facilitate
the quick location of acceptable sites for waste management facilities. Prioritization of
sites based on issues of cost, proximity, and operating efficiency can be accomplished by
evaluation of the available, acceptable locations.
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1.3 Background Information
1.3.1 Area of the Study
The upper southern region of Thailand consists of seven provinces, Chumphon, Krabi,
Nakhon Sri Thammarat, Phang-Nga, Phuket, Ranong and Surat Thani Provinces. There are
in all, 90 municipalities, composed of 1 City Municipality, 7 Town Municipalities, and 82
Sub District Municipalities, as shown in Appendix A Table A.1
1.3.2 Location and Size
The upper southern region of Thailand has a total area of 41,913.144 km 2 , approximately
59% of the total area of the southern part of Thailand and 8.12% of the total area of
Thailand. The area of the upper southern region comprises land running from the north to
the south. The land is bordered by Prajub Keereekan Province in the north, the branch of
the Indian Ocean known as the Undaman Sea in the west, the Pacific Ocean in the east, and
Pattalung, Songkla and Trang Provinces in the south. The location is shown in figure 1.3.2.
1.3.3 Climate
The climate of the area is tropical with relatively uniform temperature, abundant rainfall
and high humidity. The daily temperature ranges from 30 ° C in the day to 25 ° C at night.


























The Department of Local Administration (DOLA), Ministry of Interior, reports that in
2000 the total population in the study area was 3,894,053, approximately 47% of the total
population of the southern part of Thailand. Nakhon Sri Thammarat Province has the most
population, 1,524,737. Second is Surat Thani Province with a population of 892,533.
Ranong Province has the least population of the study group with 160,869.
The total population in the municipalities of the upper southern region is 891,139.
Nakhon Sri Thammarat City Municipality has the most population with 114,808 and the
Sub District Municipality of Koh Yaw in Phang Nga Province has the least population
with 745.
With respect to population density, it was determined that the municipalities in the
study area have a mean population density of approximately 853 capita/km 2 .
Pagnumchumphon Sub District Municipality in Chumphon Province has the maximum
population density at 15,856 capita/km 2 , Koh Samui Sub District Municipality in Surat
Thani Province has the minimum population density at 140 capita/km 2 . Appendix B Table
B.1 shows the area, population and population density of the municipalities in the study
area.
Population registration (DOLA, 1999) was used as the basis for making
assumptions about the future growth patterns of the study area. As a conclusion of these
forecasts the Pagprag Sub District Municipality in Nakhon Sri Thammarat Province was
determined to have the highest growth rate of 4.10 %/year. The population is increasing
very rapidly.
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Population estimates for municipalities in the study area for the period 2000-2039
were prepared and shown in Appendix C. This involved consideration of the
municipalities' population trends. Predictions of future demand for municipal solid waste
management capacity also depended on estimation of increasing urbanization over the
planning period.
CHAPTER 2
SOLID WASTE CIRCUMSTANCES AND MANAGEMENT OF
MUNICIPALITIES IN THE STUDY AREA
2.1 Solid Waste Quantities, Generation Rate
2.1.1 Solid Waste Quantities, Generation Rate in the Study Area
Municipal solid waste quantities are determined usually by detailed survey information for
both the amount of waste collected and the amount of disposed waste. Given that this
information is not adequate for predicting future generation, the best method of
determining quantities of waste generated and to develop predictions of waste management
capacity needs in the future is to establish population estimates and potential forecasts and
to extrapolate waste quantities based on an average generation rate per person. This is the
method used in this thesis.
In the year 2000, the average total quantity of municipal solid wastes generated in
the upper southern region was 3,900 tons/day, amounting to approximately 1,423,500
tons/year. Based on the population-growth rate in 1999 from the Department of Local
Administration (DOLA) registration and the current generation rate of solid waste from the
PCD, it is estimated that by 2004 and by 2014 the amount of solid waste generated will be
approximately 4,200 and 4,600 tons/day respectively. Nakhon Sri Thammarat Province
has the most generated waste at 1,160 tons/day and Ranong Province has the least
generated at 82 tons/day.
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2.1.2 Solid Waste Quantities, Generation Rate in Municipalities of Study Area
Phuket Town Municipality has the most generated waste at 166 tons/day. Second and
others in respective order are Town Municipality of Surat Thani, Nakhon Sri Thammarat
City Municipality, and Phatong Sub District Municipality with solid waste generation of
120, 83 and 52 tons/day respectively.
With respect to the solid waste generating rate, it was found that population in the
study area generate solid waste at the rate of approximately 1.00 kg/capita/day, Phatong
Sub District Municipality has the maximum solid waste generation rate of 5.26
kg/capita/day. Second and others in respective order are the Town Municipality of Phuket,
Krabi, and Karon Sub District Municipality in Phuket Province with generation rates equal
to 2.82, 2.17 and 2.16 kg/capita/day. The higher waste generation rate for these areas can
be accounted for, in part, by the predominance of tourist facilities. The visitors to areas
generate waste, but are not counted in the local population. Therefore, the waste generation
per capita of local population appears to be high. This phenomenon does require attention,
however, if tourism in the region is expected to increase, then waste management
capability must increase also. Failure to do so may interfere with the economic growth
anticipated to result from increased numbers of visitors.
Quantities of solid waste in the municipalities of the study area will have increased
quite rapidly, at an average rate of 1.8 % per year (2000-2005). The quantity of solid waste
in the study area will increase from 800 tons/day in the year 2000 to 1,050 in year 2004,
then to 1,300 tons/day in 2014, assuming a steady rate of increase. Forecasts of future
quantities of solid waste in the municipalities of the study area are shown in Appendix E.
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2.2 Solid Waste Collection
Information about municipal solid waste collection practices in the study areas was
obtained by analysis of data obtained in a survey of municipalities that was designed to
provide data for development of a landfill leachate management plan (Asdecon Co., Ltd,
1999). The Pollution Control Department (PCD) distributed the questionnaire to
municipalities. The responsibility for solid waste collection in the study area lies with the
municipality. After a responsible agency has collected its solid waste, it will transport the
wastes to the disposal site. In efficient use, each vehicle can achieve two or three trips per
day and can be operated with a crew of three or four including the driver. Truck type side
loaders that vary from 8 m 3 up to 12 m 3 capacity have been used most often. Other types in
use include compactor trucks, pick up trucks and container trucks.
2.3 Solid Waste Disposal
The survey previously mentioned and its analysis reveal that municipal solid waste has
mostly been handled in ways that are not in accord with accepted sanitary practice. The
survey reveals that common waste handling techniques include heaping waste on the
ground, dumping it into pits, or putting it into piles followed by burning in open areas.
There are only 3 disposal sites in the study area that dispose of solid waste by accepted
sanitary practices, i.e., Nakhon Sri Thammarat CM, Krabi TM and the disposal site of
Phuket Province. Details of the location and the current method of disposal at the sites are
shown in Appendix D Table D.1
CHAPTER 3
STUDY OF SOLID WASTE MANAGEMENT AND PLANNING OF SOLUTIONS
FOR THE SHORT TERM PERIOD
3.1 Existing Situation
3.1.1 Existing Situation in Chumphon Province
3.1.1.1 Local Administration Chumphon Province consists of 8 amphurs (districts) with
a total population of about 463,000 in the year 2000. The current total urban population in
the TM and SDM is about 101,800, of which about 33,700 is in Krabi Town Municipality
and 68,100 is in the thirteen Sub District Municipalities.
3.1.1.2 Waste Quantities and Generation Rate In the year 2000, the average total
quantity of solid wastes generated in Chumphon Province was 390 tons/day. There is a
total waste quantities in the municipalities of about 85 tons/day. By the years 2004 and
2014, the amount of solid waste in the municipalities generated is projected to exceed 89
and 98 tons/day respectively.
3.1.1.3 Solid Waste Disposal A general description of each disposal site in Chumphon
Province is provided below.
1) Disposal site of Chumphon Town Municipality
The disposal site of Chumphon Town Municipality is located in Mu 10, Tambon
Hadpangrai, Amphur Muang, Chumphon Province, about 15 km. from the municipality.
It covers a total area of 36 rai ( 1 rai = 0.395 acres) with a plan to buy an additional 50 rai
nearby. Based on the capacity of the landfill and the quantity of waste generated in
Chumphon TM today of about 30-35 tons/day and that the current landfill started operation
in 1995, this disposal area of 86 rai is predicted to reach its capacity within the next 10-15
11
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years. The PCD survey reveals that the general feature of the sites is plains. Areas nearby
are agricultural farmlands with no surface water source that is valuable for human use and
no aquatic ecological values within a radius of 12 km. There is an on going plan to
construct a sanitary landfill in this area.
2) Disposal site of Langsuan Sub District Municipality
The disposal site of Langsuan Sub District Municipality is located in Mu 14, Tambon
Napaya, Amphur Langsuan, Chumphon Province, and covers an area of 60 rai. Based on
the area and waste generated in Langsuan SDM, which is about 10 tons/day, and the length
of use of more than 10 years, this landfill area is predicted to reach its capacity within the
next 5 years. From the PCD survey, the site characteristics can be described as the
following. This site operation has characteristics of both a landfill and an open dump.
There is no leachate collection/treatment system. Clean soil is used to cover the waste
every two or three days. It is in a terrain area that is flooded during the rainy season. The
site is surrounded by a residential area and unused land, which is used as a buffer zone.
3) Disposal site of Mabammarid Sub District Municipality
The disposal site of Mabammarid Sub District Municipality is located at Ban Muangtaw,
Mu 7, Tambon Koachairat, Amphur Phatue, Chumphon Province. It covers an area of 20
rai. Based on the area and the quantity of waste generated in Mabammarid SDM, which
produces a total quantity of solid waste of about 2 tons/day and the fact that this site has
been in use since 1996, this disposal area should be adequate for more than 10 years. The
data from the questionnaire (PCD, 2000) indicates that the site operation is an open dump.
The general topographical feature of the site is plains. There is a water source nearby at
about 0.1 km distance. Nearby areas are agricultural farmlands.
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Other Sub District Municipalities have their own sites and practice only open
dumping operations. Details on disposal and location of disposal site are compiled in
Appendix D Table D.1
3.1.2 Existing Situation in Krabi Province
3.1.2.1 Local Administration Krabi Province consists of 8 amphurs with a total
population of 366,239 in the year 2000. The current total urban population in the TM and
SDM is 59,742, of which 23,613 are in Krabi Town Municipality and 36,129 are in the
nine Sub District Municipalities.
3.1.2.2 Waste Quantities and Generation Rate In the year 2000, the average total
quantity of solid waste generated in Krabi Province was 322 tons/day. There is a total
quantity of wastes in the Municipalities of about 77 tons/day, by the years 2004 and 2014
the amount of solid waste in the Municipalities generated is projected to exceed 85 and 110
tons/day respectively.
3.1.2.3 Solid Waste Disposal Sites in Krabi Province are rather small ranging from 1-30
rai except the site for Krabi Town Municipality. A general description of each disposal
site in Krabi Province is provided below.
1) Disposal site of Krabi Town Municipality
The site of Krabi Town Municipality is located in Mu 4, Tambon Saitai, Amphur Muang,
Krabi Province, about 10 km. from the municipality. It covers an area of 252 rai. Based on
the area of the site and the quantity of solid waste generated in Krabi TM and the nearby
communities, which totals about 50-60 tons/days and the fact that use of this area started in
1999, the disposal area should be adequate for more than 20 years. The data from the
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questionnaire (PCD, 2000), indicates that this site operates a landfill system. There is a
leachate collection/treatment system. Clean soil is used to cover the waste every day.
General topographical features are plains. With regard to land use for nearby areas, nearly
all such areas in the vicinity of the site are abandoned.
2) Disposal site of Khoa Panom Sub District Municipality
The site for Khoa Panom Sub District Municipality is located at Ban Nonggri, Mu 8,
Tambon Khoa Panom, Amphur Khoa Panom, Krabi Province, and covers an area of 29 rai.
Based on the area and the quantity of solid waste generated in Khoa Panom SDM, which is
a daily total amount of about 5 tons, and the fact that use of this site started in 1996, the
capacity of the site should be adequate for no more than 5 years. The data from the
questionnaire (PCD, 2000) indicates that this site operates as an open dump. There is no
leachate treatment. Soil covering is carried out every week. General topographical features
are plains. There is surface water valuable for agricultural uses nearby at a distance of 1
km. The use of nearby land is agricultural.
3) Disposal site of Nueaklong Sub District Municipality
The site for Nueaklong Sub district Municipality is located at Ban Thanum, Mu 4, Tambon
Nueaklong, Amphur Nueaklong, Krabi Province, about 10 km. from the municipality. It
covers an area of 19 rai. Based on the area and waste generated in Nueaklong SDM, which
produces a total daily amount of solid waste of about 3 tons, and the fact that use of this
site started in 1994, it is expected that it will be adequate for not more than 5 years. The
data from the questionnaire (PCD, 2000) indicates that this site operates as an open dump.
The general topographical features are plains. Nearby areas are agricultural farmlands with
no surface water sources valuable for human use or with aquatic ecological values.
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The details on disposal practices and locations of sites of other Sub District
Municipalities are compiled in Appendix D Table D.1
3.1.3 Existing Situation in Nakhon Sri Thammarat Province
3.1.3.1 Local Administration Nakhon Sri Thammarat Province consists of 19 amphurs
with a total population of 1,524,737 in the year 2000. The current total urban population in
the CM, TM, and SDM is 278,788, of which 114,808 are in Nakhon Sri Thammarat City
Municipality and 163,980 in other Towns and Sub District Municipalities.
3.1.3.2 Waste Quantities and Generation Rate In the year 2000, the average total
quantity of solid wastes in Nakhon Sri Thammarat Province was 1,160 tons/day. There is
a total waste generation in the municipalities of about 83 tons/day. By the years 2004 and
2014 the amount of solid waste generated in the municipalities is projected to exceed 230
and 295 tons a day, respectively.
3.1.3.3 Solid Waste Disposal A general description of each disposal site in Nakhon Sri
Thammarat Province is provided below
1) Disposal site of Nakhon Sri Thammarat City Municipality
The site of Nakhon Sri Thammarat City Municipality is located at Tambon Nakean,
Amphur Muang, Nakhon Sri Thammarat Province, about 5 km. from the municipality and
covers a total area of 200 rai. Based on the area and the quantity of solid waste generated
in Nakhon Sri Thammarat CM and the nearby communities, which produce a total of about
100 tons/day and the fact that use of this site started in 1998, it should be adequate for
about 10 years. The data obtained from the questionnaire (PCD, 2000) indicates that this
site operates as a landfill system with leachate treatment. Soil is used for cover every day
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or two days. The general topographical feature of the site is plains. There is a water
source about 1 km from the disposal site. The nearby are lands are abandoned areas and
flood plains.
2) Disposal site of Pagpanang Town Municipality
The site for Pagpanang Town Municipality is located at Mu 3, Tambon Pagpanang,
Amphur Pagpanang, Nakhon Sri Thammarat Province and covers an area of 25 rai. Based
on the area and the quantity of waste generated in Pagpanang TM, which is about 20-30
tons/day and the fact that this site has been in use more than 20 years, it is concluded that
this site cannot continue in service. The data from the questionnaire (PCD, 2000) indicates
that this site operates as an open dump. The general topographical features of the site are
flood plains near the seashore.
3) Disposal site of Pagprag Town Municipality
The site for Pagprag Town Municipality is located at Tambon Kaungrod, Amphur
Tungsong, Nakhon Sri Thammarat Province, covering a total area of 21 rai. Based on the
area and the quantity of waste generates in Pagprag TM, which is about 20-30 tons/day, it
is concluded that this site cannot continue in service. The data from the questionnaire
(PCD, 2000) indicates that there is an ongoing new project to provide detailed design for a
new solid waste management area of 137 rai. The general topographical feature is plains.
Based on estimated population growth the new area should be adequate for more than 20
years if the service requirements for Pagprag TM continue to respond to a total daily
amount of solid waste of about 25-30 tons.
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Other Sub District Municipalities have their own sites and practice only open
dumping. Details about disposal practices and location of disposal sites are compiled in
Appendix D Table D.1
3.1.4 Existing Situation in Phang Nga Province
3.1.4.1 Local Administration Phang Nga Province consists of 8 amphurs with a total
population of 235,451 in the year 2000. The current total urban population in the TM and
SDM is 35,643, of which 9,262 are in Phang Nga Town Municipality and 26,381 are in the
eight Sub District Municipalities.
3.1.4.2 Waste Quantities and Generation Rate In the year 2000, the average total
quantity of solid wastes in Phang Nga Province was 220 tons/day. There is a total quantity
of wastes in the municipalities of about 42 tons/day. By 2004 and 2014, the amount of
solid waste in the municipalities generated is projected to exceed 43 and 46 tons/day
respectively.
3.1.4.3 Solid Waste Disposal a general description of each disposal site in Phang Nga
Province is provided below
1) Disposal site of Phang Nga Town Municipality
The site for Phang Nga Town Municipality is located at Ban Taitoy, Mu 3, Tambon
Thanumput, Amphur Muang, covering a total area of 8 rai. This site is under private
ownership. Based on the area and quantity of solid waste generated in Phang Nga TM and
the fact that this site has been in use more than 10 years, it cannot continue in service. The
data from the questionnaire (PCD, 2000) indicates that there is ongoing activity leading to
construction of a new site located at Tambon Tagdad, Amphur Muang, Phang Nga
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Province, about 3 km. from the Municipality, covering an area of 71 rai. The new site
should be adequate for about 10-15 years if it services Phang Nga TM and the
communities nearby with a total solid waste generation of about 20 tons a day. The
general topographical features of the site are flood plains next to a stream. The use of
nearby land is for agricultural purposes.
2) Disposal site of Thakuapha Sub District Municipality
The site for Thakuapha Sub District Municipality is located at Mu 7, Tambon Bangnaisi,
Amphur Thakuapha, Phang Nga Province, about 10 km from the municipality, and covers
an area of 45 rai. Based on the area and quantity of waste generated in Thakuapha SDM, A
total daily amount of solid waste of about 15 tons and the fact that use of this area started
in 1998. It should be adequate for about 5-10 years. From the questionnaire (PCD, 2000)
general topographical features of the site are plains. The nearby areas are abandoned land
and agricultural farmlands with no surface water source.
The details on disposal and locations site of other Sub District Municipalities sites
are compiled in Appendix D Table D.1
3.1.5 Existing Situation in Phuket Province
3.1.5.1 Local Administration Phuket Province consists of 3 amphurs with a total
population of 250,915 in the year 2000. The current urban population in the TM and SDM
is 96,077, of whom 59,024 are in the Phuket Town Municipality and 37,053 are from the
five Sub District Municipalities.
3.1.5.2 Waste Quantities and Generation Rate In 2000, the average total quality of solid
waste in Phuket Province was 585 tons/day. There is a total waste quantity in the
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municipalities of about 255 tons/day, By 2004 and 2014 the amount of generated solid
waste in the municipalities is projected to exceed 280 and 355 tons a day respectively
3.1.5.3 Solid Waste Disposal All solid waste collected from various communities in
Phuket Province are disposed of at the sanitary landfill site at Klong Koh Phee, Tambon
Wichit, Amphur Muang, Phuket Province. It is operated by the Phuket Town Municipality
and covers an area of 135 rai. The ecological feature of the site is a deteriorated mangrove
forest and is close to flood plains. Most of the nearby areas are deteriorated mangrove
forests and residences. The PCD feasibility study predicted that the area of this sanitary
landfill, if used for disposing of all solid wastes for the entire Phuket Province would used
be used up by the end of 1998.
The Public Works Group in the Ministry of Interior awarded an incinerator of
moving grate type to Phuket TM. It is being constructed near the landfill site. It was
designed to be operated continuously 24 hours daily, with a capacity of 250 tons/day.
Operation was commenced in 2000. The incinerator has very high operating costs and
needs supplementary fuel because of the high moisture content of the refuse. It is estimated
that the incinerator will need a central government subsidy to operate. Because the costs
exceed the ability of the municipality to pay. Phuket is currently using the landfill site at
Klong Koh Phee because the incinerator is expensive to operate and requires heavy
subsidies.
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3.1.6 Existing Situation in Ranong Province
3.1.6.1 Local Administration Ranong Province consists of 4 amphurs with a total
population of 160,869 in the year 2000. The current urban population in the TM and SDM
is 34,432, of which about 17,515 are in Ranong Town Municipality and 16,917 are in the
five Sub District Municipalities.
3.1.6.2 Waste Quantities and Generation Rate In 2000, the average total quantity of
solid wastes in Ranong Province was 82 tons/day. There is a total quantity of wastes in the
municipalities of about 21 tons/day. By 2004 and 2014, the amount of solid waste
generation in the municipalities generated is projected to exceed 23 and 31 tons/day
respectively.
3.1.6.3 Solid Waste Disposal A general description of each disposal site in Ranong
Province is provided below.
1) Disposal site of Ranong Town Municipality
This disposal site of Ranong Town Municipality which is used together with Pagnum Sub
District Municipality and nearby communities is located in a deteriorated mangrove forest,
Ban Ranongpattana, Mu 4, Tambon Namjead, Amphur Muang was denied future
perimission for use in 1999. As indicated in the survey and analysis to provide a
management plan for contamination of leachate (Asdecon Co., Ltd, 1999). Ranong TM has
the first priority among solid waste disposal sites for rehabilitation. In addition, the
approval of Ranong Province for use of this disposal site was cancelled. Waste
management operations were forecasted from the deteriorated mangrove forest as a
disposal site and had to use of a public reserved forest.
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2) Disposal site of Namjead Sub District Municipality
The site for Namjead Sub District Municipality is located at Ban Boggloy, Mu 8, Tambon
Namjead, Amphur Kraburi, Ranong Province and is about 4.5 km from the municipality
covers a total area of 62 rai. Based on the area and the quantity of waste generated in
Namjead SDM, a total daily amount of solid waste of about 3-5 tons and the fact that use
of this site started use in 1995, it should be adequate for about 10-15 years. The data from
the questionnaire (PCD, 2000) indicated that the general feature of the site is plains.
Nearby areas are abandoned land and agricultural farmlands with no surface water source.
3) Disposal site of Kaper Sub District Municipality
The site for Kaper Sub District Municipality is located at Mu 3, Tambon Kaper, Amphur
Kaper, Ranong Province, about 5 km from the municipality and covers a total area of 26
rai. Based on the area and the quantity of waste generated in Kaper SDM, a total daily
amount of solid waste about of 1 ton and the fact of use of this site started in 1996. It
should be adequate for about 5-10 years. The data from the questionnaire (PCD, 2000)
indicates that the general feature of the site are plains and flood plains. Nearby areas are
abandoned lands and agricultural farmlands with surface water source at about 2 km.
The details on disposal operations and locations of other Sub District
Municipalities are compiled in Appendix D Table D.1
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3.1.7 Existing Situation in Surat Thani Province
3.1.7.1 Local Administration Surat Thani Province consists of 17 amphurs with a total
population of 892,533 in the year 2000. The current urban population in TM and SDM is
284,631, of which about 101,409 are in Surat Thani Town Municipality and 183,222 are in
other Sub District Municipalities.
3.1.7.2 Waste Quantities and Generation Rate In 2000, the average total quantity of
solid wastes in Surat Thani Province was 680 tons/day. There is a total waste quantity in
the municipalities of about 290 tons/day. By 2004 and 2014, the amount of solid waste
generation in the municipalities is projected to exceed 300 and 335 tons/day respectively.
3.1.7.3 Solid Waste Disposal A general description of each disposal site in Surat Thani
Province is provided below
1) Disposal site of Surat Thani Town Municipality
The site for Surat Thani Town Municipality is located at Ban Somwang Village, Mu 5,
Tambon Wat Pradu, Amphur Muang, Surat Thani Province and covers an area of 47 rai.
Based on the area and the quantity of waste generated in Surat Thani TM and this fact that
use of this site began more than 10 years ago. It can not continue in use.
In 1999, the Pollution Control Department (PCD) conducted a project of survey
and analysis in order to prepare a management plan for contaminated leachate into both
surface and ground water sources from the solid waste disposal sites in southern and
western regions, Surat Thani TM is the fifth priority among solid waste disposal sites for
rehabilitation. The data from the questionnaire (PCD, 2000) indicates that the general
features of the site are plains. Water sources surround the sites include Pagchick Creek and
Somwang Canal, both about 1 km from the disposal site. Most of the nearby land are
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agricultural plots while others are grass fields for livestock, barren land and water sources.
At present, there is an ongoing search to find the new disposal site because nearby
communities have complained. The municipality is permitted to use this site for one more
year.
2) Disposal site of Kanjanadit Sub District Municipality
The site for Kanjanadit Sub District Municipality is located at Mu 4, Tambon Kradae
Amphur Kanjanadit, Surat Thani Province and covers a total area of 65 rai. Based on the
area and the quantity of waste generated in Kanjanadit SDM and the fact that this site has
been used for more than 10 years, it cannot continue to be used. The data from the PCD
questionnaire indicates that the general feature of the site are plains and flood plains.
Nearby areas are abandoned lands and agricultural farmlands. The Kanjanadit SDM plans
to find a new disposal site.
3) Disposal site of Thakanon Sub District Municipality
The site for Thakanon Sub District Municipality located at Mu 7, Tambon Thakanon,
Amphur Keereeratnikom, Surat Thani Province and covers an area of 50 rai. The use of
this site started in 1999 and based on the area and the quantity of waste generated in
Thakanon SDM, about 1 ton/day. It should be adequate for more than 20 years
4) Disposal site of Donsak Sub District Municipality
The site for Donsak Sub District Municipality is located at Ban Koanood, Mu 6, Tambon
Donsak, Amphur Donsak, Surat Thani Province, about 5 km from the municipality and
covers a total area of 30 rai. The use of this area started in 2000. Based on the area and
quantity of waste generated in Donsak SDM, a total daily amount of solid waste about 15-
20 tons, it should be adequate for about 8-10 years. The data from the questionnaire (PCD,
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2000) indicates that the general topographical features of the site are plains. Nearby areas
are agricultural farmlands with surface water source valuable for agricultural applications.
5) Disposal site of Thachang Sub District Municipality
The site for Thachang Sub District Municipality is located at Mu 4, Tambon Koatan,
Amphur Thachang, Surat Thani Province and covers an area of 80 rai. This site has been in
use for more than 10 years. The data from the questionnaire (PCD, 2000) indicates that
there is a plan to find anew disposal site. The present area is should for construction of a
sports field.
6) Disposal site of Khoapang Sub District Municipality
The site for Khopang Sub District Municipality is located at Mu 4, Tambon Khopang,
Amphur Bantakun, Surat Thani Province and covers an area of 18 rai. It is about 5 km
from municipality. This site has been in use more than 10 years and based on the area and
the quantity of waste generated in Khopang SDM. Its should be stopped. The data from the
questionnaire (PCD, 2000) indicates that the general topographical feature of the site are
flood plains. Nearby areas are agricultural farmlands with surface water source valuable
for agricultural. There is a plan to close this site.
7) Disposal site of Koh Samui Sub District Municipality
The Public Works group in the Ministry of Interior awarded an incinerator to Koh Samui
SDM. It is decision to be operated continuously 24 hours daily, with a capacity of 75
tons/day. The operation was commenced in 2000. The incinerator has very high operating
costs and needs supplementary fuel because of the high moisture content of the refuse. It
is expected that the incinerator will need a central government subsidy to operate. At
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present solid waste disposal in Samui Island continue to use landfill continue because the
operating costs of the incinerator are very high.
Other Sub District Municipalities have their own sites and practice only open
dumping. Details on disposal and locations of disposal site are compiled in Appendix D
Table D.1
3.2 Strategic Assessment
The strategic assessment for the short term period (2-5 years) is based on the review of the
existing situation in each province as presented in section 3.1 and the Provincial
Environmental Action Plan for the Annual Budget, B.E. 2544 (2000) which coordinates
between the Office of Environmental Policy and Planning (OEPP) and the Provinces
(OEPP, 2000). As a result, the strategic assessment in each province is presented below:
3.2.1.Strategic Assessment for Chumphon Province
The current or existing strategy for solid waste management in Chumphon Province is as
follow:
1. The disposal site of Chumphon Town Municipality is at Mu 10, Tambon
Hadpangrai, Amphur Muang, Chumphon Province and covers a total areas of 36 rai. There
is a plan to buy a nearby area of 50 rai to be developed to continue serving
Pagnumchumphon, Wangpai, Thasae, and Nernsanti SDM with total daily amount of solid
waste of about 55 tons.
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2. The disposal site of Langsuan Sub District Municipality is at Mu 14, Tambon
Napaya, Amphur Langsuan, Chumphon Province, covers a total area of 60 rai and should
be developed to serves Pagnumlangsuan and Pagtago SDM with a total daily amount of
solid waste of about 18 tons.
Figure 3.2.1 shows the regional disposal site for Chumphon Province
3.2.2 Strategic Assessment for Krabi Province
The disposal strategy for Krabi Province should center on a regional disposal site because
of the development of the Krabi Town Municipality site in Mu 10, Tambon Saitai, Amphur
Muang, Krabi Province. It will be economical for all SDM to utilize compactor trucks for
collection and haulage to the site. Based on the feasibility study, the site has capacity to be
developed as a landfill up to 80% of the total site area of 252 rai and should be adequate up
to the year 2014 if it services the communities within the province. Figure 3.2.2 shows the






























































3.2.3 Strategic Assessment for Nakhon Sri Thammarat Province
The proposed strategy for solid waste management in Nakhon Sri Thammarat Province
based on the Environmental Action Plan ( OEPP, 1999) is as follow:
1. A central Nakhon Sri Thammarat disposal site should be located at an identified new
site for the following proposed :
1.1 To service Ronpiboon, Koachumtong, Tonhong, Chauad Sub District
Municipalities and nearby areas with a total daily amount of solid waste of
bout 25 tons. Based on the direct haul distance, the landfill site should be
ocated at Tambon Chang Sai or Namobun, Amphur Chulaphon. To service
Chawang, Jandee Sub District Municipalities and the community of Amphur
Thampannarai with a total daily amount of solid waste of about 15 tons. Based
on the direct haul distance, the landfill site should be locacated at Tambon
Chawang.
1.2 To service Sichon, Kanom Sub District Municipalities and the communities in
both of two amphurs with a total daily amount of solid waste about 10 tons.
Based on the direct haul distance, the landfill site should be located at Tambon
Tungsai, Amphur Sichon.
1.3 To service Pagpanang and Chernyai Sub District Municipalities with a total
daily amount of solid waste of about 22 tons. Based on the direct haul distance
and the origin of the waste, the landfill site should be located at Tambon East
Pagpanang or Tambon West Pagpanang Amphur Pagpanang.
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2. The disposal site for Nakhon Sri Thammarat City Municipality at Tambon Nakean,
mphur Muang should be developed to service the Lansaka and Promlok Sub District
Municipality with a total daily amount of solid waste of about 90 tons.
3. The disposal site of Pagprag Town Municipality where is under construction with an
area of 137 rai should be developed to service Pagprag Town Municipality, Sub District
Municipality of Nabon and Bangkan with a total amount of solid waste of about 30 tons.
Figure 3.2.3 shows six regional disposal sites for Nakhon Sri Thammarat Province.
3.2.4 Strategic Assessment for Phang Nga Province
The disposal strategy for Phang Nga Province should be based on two regional disposal
sites.
1. To service a northern cluster of Phang Nga Province: Thakuapha and Kapong SDM with
a total daily amount of solid waste of about 20 tons. Based on the direct haul distance and
the origin of the waste, the landfill site should be located at the disposal site
of the Thakuapha Sub District Municipality at Mu 7, Tambon Bangnaisi, Amphur
Thakuapha, covers a total area of 45 rai.
2. To service a southern cluster of Phang Nga Province: Phang Nga TM, Thapput, Krasom,
Koggloy and Thaimuang SDM with a total amount of solid waste of about 25 tons. Based
on the direct haul distance and the origin of the waste, the landfill site should be located at
the new disposal site for Phang Nga TM, which is located at Tambon Takdad, Amphur
Muang covering total area of 71 rai. At present, the site is under construction.





























































































































3.2.5 Strategic Assessment for Phuket Province
The final report of the solid waste management sector plan, a study supported by the
Asian Development Bank (ADB) indicated that the incinerator in Phuket Province was
expensive to operate and would require a heavy subsidy. The resulting disposal strategy is
therefor to acquire a large subsidy to operate the incinerator and to restudy the incineration
system problems. An other component of the strategy is to acquire a large sanitary landfill
site just over the bridge in Phang Nga Province, which will initially be used as a regional
disposal site for Phang Nga Province but will be of sufficient size for future Phuket use. It
is expected that high land costs and political and NIMBY problems will prevent the siting
of a new sanitary landfill on the Island. Figure 3.2.5 shows the location of the landfill and
the incinerator site
3.2.6 Srategic Assessment for Ranong Province
The disposal strategy for Ranong Province should be based on two regional disposal sites.
1. To service Namjead Sub District Municipality: In Amphur Kraburi and the communities
of Amphur Suksamran with a total daily amount of solid waste of about 4 tons. Based on
the direct haul distance and the origin of the waste, the landfill site should be located at the
disposal site for Namjead Sub District at Ban Boggoy, Mu 8 Tambon Namjead, Amphur
Kraburi such a location could also service Thasae SDM from Chumphon Province as the
need arises.
2. To service a southern cluster of Ranong Province: Ranong Town Municipality, Pagnum,
Ngaw, Laun and Kaper Sub District Municipalities with a total amount of solid waste of
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about 18 tons. Based on the direct haul distance and the origin of waste, the landfill site
should be located at Tam bon Ngaw, Amphur Muang.
Figure 3.2.6 shows the two regional disposal site of Ranong Province
3.2.7 Strategic Assessment for Surat Thani Province
The proposed strategy for solid waste management in Surat Thani Province is as follows:
1. A central Surat Thani disposal site should be located at the identified new site to service
Surat Thani Town Municipality, Kanjanadit, Thatong, Thakam and Thachang Sub District
Municipalities and the communities located nearby with a total daily amount of solid waste
of about 180 tons. Based on the direct haul distance and the origin of waste, the landfill site
should be located at Tambon Bangbaimai or Makam Tiea, Amphur Muang.
2. The disposal site for Donsak Sub District Municipality at Ban Koanood, Mu 6, Tambon
Donsak, Amphur Donsak should be developed to services the communities located
nearby. It could also service Kanjanadit SDM as the need arises, managing a total amount
of solid waste of about 20 tons.
3. The disposal site of Thakanon Sub District Municipality at Mu 7, Tambon Thakanon,
Amphur Keereeratnikom covers a total area of 50 rai and should be developed to serve
Koapang and Koawong SDM of Amphur Bantakun with a total amount of solid waste of
about 7-10 tons.





























































































SITE SELECTION CRITERIA FOR THE LONG TERM PERIOD
4.1 Concept of Site Selection
The site selection for provincial or regional sanitary landfill or facilities should be based on
sound decision making in municipal solid waste management. When considering the
objective for site selection that is "to identify appropriate provincial and regional sanitary
landfills or facilities for municipal solid waste management in the upper southern region of
Thailand", quantity of solid waste, the direct haul distance and location restrictions that
follow the PCD regulations and guidelines should be considered as the most important
factors. The result of a site selection process that considers the quantity of solid waste, the
haul distance and location restrictions will ultimately result in a location with economic
feasibility that alleviates the environmental impacts caused by unsanitary disposal site.
4.2 Design of Site Selection Criteria
The first step in the site selection process was the establishment of site selection criteria.
Factors that must be considered in evaluating potential sites for the long term disposal of
solid waste include the location restrictions, the solid waste quantity, the haul distance,
geologic and hydrogeologic conditions, available land area, local environmental
conditions, surface water hydrology, soil conditions and topography, site access and
climatological conditions. Actually, the final identification of a disposal site is usually
based on the results of detailed site survey, engineering design, cost studies, environmental
impact assessment and community acceptance and provincial policy compliance.
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In this project, the location of solid waste management sites for 20 areas that
generated quantity of solid waste more than 10 tons/day was carried out with haul
distances and restrictions where follow PCD criteria were applied using GIS techniques.
4.2.1 Location Restriction
Location restrictions provide protecting guidance about where landfills can be located.
This review relied heavily on the PCD siting criteria for a landfill facility. PCD has
developed several Minimum Criteria that must be followed in the siting of a solid waste
landfill. These criteria are contained in a publication entitled "Regulation and Guideline of
Municipal Solid Waste Management" By Pollution Control Department, Ministry of
Science, Technology and Environment, 1998. Landfills are excluded from siting in the
following types of areas:
1) Within the watershed areas class 1 and class 2 as defined under the Cabinet
Resolution on May 28, B.E. 2528 in setting up the watershed classification.
2) Within the 1-kilometer distance from the property boundary of any ancient
monuments as defined under the Ancient Monuments, Relics, Antiques and
National Museum Act.
3) Within the 5-kilometer distance from the property boundary of any licensed and
operating airport runway.
4) Within 700 meters of an existing potable water well or existing community
water treatment plant.
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5) Within 300 meters of any natural or man-made body of water, including
wetlands, except bodies of water contained completely within the property
boundary of the disposal site.
6) In an area where geological formations or other subsurface features will not
provide support for the solid waste.
7) In an area subject to frequent and periodic flooding unless flood protection
measures are in place except in the high land areas.
8) In high water level area unless special design is provided except in an area where
the normal water table is sufficiently low.
9)	 Unless the site provides a sufficiently large area to be landfilled for at least 20
years.
Figure 4.2.1 shows the areas restrictions that follow the Thai Pollution Control Department
(PCD) regulation and guideline of Municipal Solid Waste Management.
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Figure 4.2.1 The areas restrictions that follow the Thai Pollution Control De.rtment (PCD) regulation and guideline of Municipal Solid Waste Management
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4.2.2 Quantity of Solid Waste
From the data presented in chapter 2 and appendix B, it is possible to identify
municipalities in the study area that generate such at a rate of quantities of solid waste in
the municipalities of studied area with solid waste more than 10 tons/day. There are twenty
areas. Ranked from most to least generation of solid waste over 10 tons/day as follows:
Phuket TM, Surat Thani TM, Nakhon Sri Thammarat CM, Patong SDM, Krabi TM, Koh
Samui SDM, Thakam SDM, Chumphon SDM, Pagprag TM, Nasan SDM, Phang Nga TM,
Donsak SDM, Thakuapha SDM, Ranong TM, Weangsa SDM., Kathu SDM.,
Pagnumchumphon SDM, Karon SDM and Langsuan SDM.
Table 4.2.1 shows the localities where solid waste is generated at more than 10
tons/day. Figure 4.2.2 shows the location of areas where solid waste generation is more
than 10 tons/day (in 2000), not including the areas where have sites disposal facilities
(Phuket TM, Kathu and Karon SDM. in Phuket Province, and Koh Samui SDM in Surat
Thani Province).












































































The haul distance is one of the important criteria in the selection of disposal sites. Direct
hauling is typically not more than 20 km, to be economically feasible. Transfer operations
become a necessity when the haul distance exceed that level belonging the available
disposal sites are location in remote areas.
Based on information developed from the existing situation and the strategic
assessment for each province as describes in chapter 3, the areas restriction that follow The
PCD regulations and guidelines of Municipal Solid Waste Management, the areas where
solid waste is generated at more than 10 tons/day as describes in Table 4.2.2 and with a
direct haul distance would be no more than 20 km were considered by use GIS. A total of 3
potential landfills were identified in the seven provinces. The proposed appropriate
location of landfills in seven provinces is as follows:
1) A central disposal site for Chumphon and Ranong Province should be located at the
identified site as follows:
1.1 Center A, the appropriate location should be at Tambon Koakai, Tambon Nasak
or Tambon Sawee in Amphur Sawee, Chumphon Province. It could service Muang
Chumphon TM, Pagnamchumphon and Langsuan SDM and nearby areas in Chumphon
Province with a total amount of solid waste of about 60-70 tons/day with a direct haul
distance of not more than 20 km. It could also service Namjead SDM from Ranong
Province.
If this location is chosen, the disposal site of Langsuan SDM at Mu 4, Tambon
Napaya, Amphur Langsuan can be developed into a transfer station that services
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Thakuapha SDM in Ranong Province. It could also service Pagnumlangsuan in Chumphon
Province.
1.2 Center B, the appropriate location should be at Tambon Hatyai in Amphur
Lngsuan, Tambon Pato, Tambon Pagnam or Tambon Prarak in Amphur Pato, Chumphon
Province or in Ranong Province at Tambon Bangkaew or Tambon Launnuea in Amphur
Suksamran. It could service Langsuan and Pagnamlangsuan SDM in Chumphon Province
and Thakuapha SDM in Ranong Province and nearby areas both in Chumphon and Ranong
Province with a total amount of solid waste of about 30-40 tons/day with a direct haul
distance of not more than 20 km.
If this location is chosen there will be one regional disposal site for Chumphon and
Ranong Province. It is still necessary to propose an appropriate site to service Muang
Chumphon TM, Pagnamchumphon SDM in Chumphon Province and also Namjead SDM
in Ranong Province and nearby areas. The appropriate site for this areas should be also the
location of center A
1.3 Center C, the appropriate location should be at Tambon Langsuan or Namjead,
Amphur Suksamran in Ranong Province. However the direct haul distance from the origins
of solid waste in Chumphon TM, Pagnamchumphon SDM, Langsuan SDM and Thakuapha
SDM in Ranong Province is more than 35 km. Therefore that site is not economically
feasible.
Based on an economically feasible direct haul distance, which is typically not more
than 20 km, for these locations where the solid waste is generated at a rate of more than 10
tons/day, the appropriate central disposal site of Chumphon and Ranong Province should
be sited at the location of Center A.
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Figure 4.2.3.1a shows an appropriate central disposal site for Chumphon and Ranong
Province with an economically feasible direct haul distance and figure 4.2.3.1b shows an
appropriate central disposal site of Chumphon and Ranong Province with an economically





























































































































































2) A central disposal site of Krabi Province
Based on PCD feasibility study previously describe the disposal site of Krabi TM in Mu
10, Tambon Saitai, Amphur Muang, Krabi Province has the capacity to be developed as a
with landfill up to 80% of the total site area of 252 rai. If that is done, the site should be
adequate to the year 2014 to service the communities within the Province. It will be
economical if all the SDM utilize compactor trucks for collection and haulage to the site.
Figure 4.2.3.2 shows an appropriate central disposal site of Krabi Province with an































































3) A central disposal site for Nakhon Sri Thammarat Province should be located at the
identified site as follows:
3.1 Center A, the appropriate location site should be at Tambon Bangjak, Tambon
Tharea or Tambon Tharai in Amphur Muang or Tambon Klongnoi, Tambon Chamao,
Tambon Kohtuad or Tambon Klongkrabeu in Amphur Pagpanang. It could service Muang
Nakhon Sri Thammajrat CM and Pagpanang TM and nearby areas with a total amount of
solid waste of about 120-130 tons/day. The direct haul distance for both Nakhon Sri
Thammarat CM and Pagpanag TM is not more than 20 km.
3.2 Center B, the appropriate location should be at Tambon Namobun in Amphur
Praprom or Tambon Thangpan, Tambon Saothong in Amphur Ronpiboon. It could service
Muang Nakhon Sri Thammarat CM and nearby areas within a direct haul distance of 20
km. It could also service Promkeeree and Ronpiboon SDM.
Based on an economically feasible direct haul distance, which is typically not more
than 20 km, the originating locations where solid waste is generated at more than 10
tons/day and the stream classification in Nakhon Sri Thammarat Province, the appropriate
central disposal site of Nakhon Sri Thammarat Province should be at the location of center
B.
Figure 4.2.3.3a shows an appropriate central disposal site of Nakhon Sri Thammarat
Province with an economically feasible direct haul distance and figure 4.2.3.3b shows an
appropriate central disposal site of Nakhon Sri Thammarat Province with an economically
feasible direct haul distance and a stream classification within regulatory requirements in









































































































































































4) A central disposal site for Surat Thani Province should be located at the identified site
as follows:
4.1 Center A, the appropriate location site should be at Tambon Krood or Tambon
Tapan, Amphur Punpin. It could service Thakam SDM, Nasan SDM and nearby areas with
a total of solid waste of about 60-70 tons/day and the direct haul distance of 15-20 km. If
this location is chosen, the disposal site of Thakam SDM can be developed into a transfer
station serving Muang Surat Thani TM and areas nearby and also, we can develop the
disposal site of Nasan SDM to transfer station serving Wiengsa SDM and nearby areas.
4.2 Center B, the appropriate location site should be at Tambon Keansa or Tambon
Koatok, Amphur Keansa. It could service Thakam SDM, Nasan SDM, Wiengsa SDM and
the nearby areas with a total amount of solid waste of about 70-80 tons/day in the direct
haul distance 20-25 km. If this location is chosen, the disposal site of Thakam SDM can be
developed into a transfer station serving Muang Surat Thani TM and nearby areas.
4.3 Center C, the appropriate location site should be in Amphur Bannasan. It could
service the southern part of Surat Thani TM, Thakam SDM, Nasan SDM and nearby areas
with a total amount of solid waste of about 180-200 tons/day and with a direct haul
distance 15-20 km. For the northern part of Surat Thani TM, the disposal site of Thakam
SDM can be developed into a to transfer station similarly, the disposal site of Nasan SDM
could be developed into a transfer station serving Wiengsa SDM.
4.4 Center D, the appropriate site should be at Tambon Lamphoon, Tambon
Thungtaomai, in Amphur Bannasan or Tambon Changsai, Tambon Klongsa in Amphur
Kanjanadit. It could service the southern part of Surat Thani TM, Nasan SDM and nearby
areas with a total amount of solid waste of about 150-160 tons/day and a direct haul
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distance of 15-20 km. For the northern part of Surat Thani TM and Thakam SDM, the
disposal site of Muang Surat Thani TM could be developed into a transfer station similarly,
the disposal site of Nasan SDM could be developed into a transfer station serving Wiengsa
SDM and nearby areas.
4.5 Center a, the appropriate location site should be at Tambon Huatei, Maluan,
Punpin or Tambon Tharongchang in Amphur Punpin. It could service the Muang Surat
Thani TM, Thakam SDM and nearby areas with a total amount of solid waste of about
160-180 tons/day and with a direct haul distance of 15-20 km. If this area is chosen to
service Muang Surat Thani TM, Thakam SDM and nearby areas, one more disposal site
must be chosen to serve the Nasan SDM, Wiengsa SDM and nearby areas. The
appropriate site should be at center B (Tambon Keansa or Tambon Koatok in Amphur
Keansa) or somewhere else in Amphur Bannasan or Amphur Wiengsa.
4.6 Center b, the appropriate location site should be at Tambon Plywat, Changkha,
Krut or Tambon Krada in Amphur Kanjanadit. It could service Muang Surat Thani TM,
Donsak SDM and nearby areas with a total amount of solid waste of about 150-160
tons/day and a direct haul distance 15-20 km. If this location is chosen to service Muang
surat Thani TM, Donsak SDM and nearby areas, the disposal site of Muang Surat Thani
TM could be developed into transfer station to serve Thakam SDM and nearby areas. One
more disposal site must be chosen to serve Nasan SDM, Wiengsa SDM and nearby areas.
The appropriate site should be at center B (Tambon Keansa or Tambon Koatok in Amphur
Keansa) or somewhere else in Amphur Bannasan or Wiengsa.
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Figure 4.2.3.4a shows the appropriate center disposal site of Surat Thani Province with an
economically feasible direct haul distance and the figure 4.2.3.4b shows the appropriate
center disposal site of Surat Thani Province with an economically feasible direct haul























































































































































4.2.4 Geologic and Hydrogeologic Conditions
Geologic and hydrogeologic conditions are important factors in establishing suitable
landfill sites. Wetlands/depth to water table and geologic subsurface condition criteria are
the key factors used for this aspect of assessment of the suitable sites for the regional
landfills.
4.2.4.1 Wetlands/depth to water table The depth to the water table will impact the
elevation of the landfill liner system (which must be maintained 1 meter above the water
table). The lower the water table, the lower the liner can be constructed. This will both
increase the efficiency of the lined area ( providing a greater depth of waste over the same
area than would a site with a high or groundwater table) and provide for a better visual
buffer (as compared with a site that starts disposal at this ground surface) and provide a
source of soil to be used as daily cover material.
4.2.4.2 Geological subsurface conditions Sites have been evaluated based on the ability
of the subsurface soils to support the landfill liner, as well as the soil's ability to meet PCD
criteria for permeability. (Existing geological features shall be natural soil or rock
formations with low hydraulic conductivity not greater than 1x10 5 cm/sec. Minimum
thickness of the soil or rock layer should be 3 meters and it shall extend over each direction
of the landfill unit not less than 50 meters)
4.2.5 Available Land Area
In selecting potential land disposal sites, it is important to ensure that sufficient land area is
available. The quantitative, time required for availability, and qualitative, public owner
factors used for the assessment of this project included:
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1) Time availability
The land availability dates have been estimated on the basis of the normal time
frames required for the necessary land characterization and planning procedures and
construction activities for a regional landfill.
2) Public ownership
The PCD is desire that public sites be chosen if available. In this regard, a
potential site has been assigned a higher score if it is publicly owned and available for
development. The potential site has been assigned a lower score if it is privately owned
and another development is planned for the site.
4.2.6 Surface Water Hydrology
The local surface water hydrology of the area is important to establish the existing natural
drainage and runoff characteristics that must be considered, as well as the tendency of the
site to flood during major storm events.
4.2.7 Soil Condition and Topography
The amounts and characteristics of the soils in the area must be considered because soils
must be used as daily cover material. And the local topography must be considered
because it will affect the type of landfill operation to be used, the equipments, and the
extent of work necessary to make the site usable as a waste management facility.
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4.2.8 Local Environmental Conditions
A general condition of environmental acceptability for constructing a regional landfill
consisted mainly of water quality impact, odor impact, noise impact and visual impact.
4.2.8.1 Water Quality Impact Water quality impacts may include erosion to surface water
bodies, as well as contamination of surface and ground water from leachate. The sites will
be assessed as to their ability to control surface water and erosion during construction and
during long term operational activity.
4.2.8.2 Odor Impact The impacts of potential odors from the site on surrounding areas are
evaluated mostly on land areas, available buffer zones, topography, and proximity of
nearby sensitive receptors.
4.2.8.3 Noise Impact Construction and operational noise impacts are determined by taking
into account noise generation characteristics, and by the presence of noise sensitive
receivers. The impact assessment has thus defined the severity of noise impacts in this
way.
4.2.8.4 Visual Impact This involves taking into account the occurrence of sensitive visual
receivers (SVRs), the visual characteristics of the prevailing landscape and the visual
characteristics of the regional landfill and ancillary facilities. The determining factors used
were:
- Level of change to the baseline situation (major landscape and visual resources,
extent of visual envelope on land, numbers of SVRs)
- Proximity and number of SVRs to the development site
- Areas available for visual buffers
63
To minimize the impact of landfilling operations, landfills are sited in more remote
locations where adequate buffer zones surrounding the landfill can be maintained.
4.2.9 Site Access
Because land areas of suitable site are often not near existing developed roadways and
cities, construction of access roadways and the use of long haul equipment has become a
fact of life and an important part of landfill site selection.
4.2.10 Climatological Conditions
4.2.10.1 Ease of Construction of the Regional Landfill The ease of construction of the
regional landfill has been estimated based on the amount and difficulty of site preparation
and delivery of materials and equipment to the site, which would be necessary for the
development of the regional landfill. A site that requires demolition of buildings, major
excavation or filling soils or other difficult construction would be scored lower that a site
that is ready for development with little site work.
4.2.10.2 Site Drainage and Flood Control The potential sites have been evaluated based
on the ease of storm water run-on and run-off from the site as well as the tendency of the
site to flood during major storm events.
4.2.10.3 Availability of Utilities All sites will require both electricity and water for proper
operations. Electric service will be required in the site maintenance and administration
buildings, as well as for pumping leachate. Water will be required for sanitary and potable
uses, as well as for dust control during operations. These criteria will impact the
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construction requirements for getting power and water to the site, and require ranking the
sites based on their difficulty of getting these services.
4.2.10.4 Availability of Cover Soil A site with less soil available for use as daily cover is
ranked lower than a site with more abundant supplies.
4.3 Financial
Solid waste management must continually be based on sound economic analysis that
considers the resources of the community as well as the anticipated environmental impacts
and benefits. The community is usually willing to support higher cost waste management
option as long as there is confidence that the project is run in and economically efficient
way. Comparing costs and benefits before action is taken essential to the long term success
of the operation. The fixed costs and operating costs are the factors used for this aspect of
the assessment of the potential sites.
4.3.1 Fixed Costs
These are the capital costs for site information, land acquisition and any other anticipated
construction costs that would differentiate a site from the others
4.3.2 Operating Costs
These are the costs for operating the site: vehicle and machine which will have to operate
the site, the fuel to operate the machine or vehicle, soil which will be use for daily cover
and, utility costs, personal costs, and related expenses.
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4.4 Public Acceptance and Provincial Policy Compliance
4.4.1 Public Acceptance
Public acceptance is a sensitive and very important issue. Public involvement should start
early, before the detailing siting process. Participation of local residents should begin at a
very early stage, when project developers are deciding which overall waste management
strategy will best meet the community's economic and environmental needs. Allowing
public involvement only at the facility-siting stage, and not before, may include public
opposition. Residents any view the siting process as a fait accompli, because other
decisions (such as which waste management option to use) were made without their
participation. When developing a plan, the planning identify organized groups likely to
have an interest in the siting issue. The plan should be developed using expertise from a
variety of departments and agencies, including the siting of the solid waste facility. Also,
private-sector representatives who can or will be affected by the siting should be involved.
The plan should ultimately be a summary of the group's thinking, rather than a plan
imposed on the group. Planning should include periodic review to evaluate the project
effectiveness.
In siting a solid waste facility, the first step in designing a public involvement
project is to stop and think, who is the public? The public is not a single entity, many
interests and groups make up the various segments of the public. Some interests or groups
are well established, such as professional associations, political parties, temples, some
social groups and home owners association. Other are newly established because their
members have a common, continuing interest in the proposed community action. Different
kinds of public involvement may be required depending upon the group. A steering
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committee or technical advisory committee can be useful in helping to design studies that
need to be conducted, perform technical reviews, rank consulting firms and review the
ranking of sites. Because individuals and group will differ in the amount of time and
energy they are willing to invest, a variety of opportunities for public participation should
be offered to accommodate varying levels of interest and expertise.
4.4.2 Politics
As with public acceptance, sustaining political support during the long and costly
implementation process is important to the project's ultimate success. When local
government budgets are tight, a project may not survive. Political support is often crucial
to obtaining financing and ensuring that the project gets the resources needed to construct
facilities and operate them efficiently. Political leaders should also be kept informed of the
project's progress on a regular basis so that political support for the project grows as the
decision making reaches the point of committing public or private resources to
implementing the long term project. Newly elected political officials must also be educated
concerning the community effort and community benefits.
CHAPTER 5
CONCLUSIONS
This research activity was undertaken to propose a sound technical base to facilitate the
final site selection of regional sanitary landfill or facilities for municipal solid waste
management in the upper southern region of Thailand: Chumphon, Krabi, Nakhon Sri
Thammarat, Phang Nga, Phuket, Ranong and Surat Thani Province. Site selection was
undertaken with a review of the existing situation in each province and The Provincial
Environmental Action Plan for Annual Budget, B.E. 2544 (2000), which coordinates
between The Office of Environmental Policy and Planning (OEPP) and the Provinces for
the short term period (3-5 years). As a result, this strategic assessment process commenced
with the identification of 16 sites within the seven provinces for use during the short term
period
The site selection process for the long term period was enhanced by use of
Geographic Information System (GIS) approaches that method of the origin of solid waste
where waste was generated at rate of more than 10 tons/day, where there were an
economically feasible direct haul distance which is typically not more than 20 km and
where there were major rivers and waterways. As a result of this analysis, the proposed
appropriate locations for central disposal sites commenced with the identification of 4 sites
within the seven provinces as follows
1. The proposed appropriate location of central disposal site of Chumphon and
Ranong Province should be located at Tambon Koakai, Tambon nasak or Tambon Sawee
in Amphur Sawee, Chumphon Province.
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2. The proposed appropriate location of central disposal site of Krabi Province at
the disposal site of Krabi TM in Mu 10, Tambon Saitai, Amphur Muang, Krabi Province.
3. The proposed appropriate location of central disposal site of Nakhon Sri
Thammarat Province should be located at Tambon Namobun in Amphur Praprom or
Tambon Thangpan, Tambon Saothong in Amphur Ronpiboon Nakhon Sri Thammarat
Province.
4. The proposed appropriate location of central disposal site of Surat Thani
Province should be located at Tambon Keansa or Tambon Koatok, Amphur Keansa Suyrat
Thani Province.
Other factors to be considered in evaluating potential sites include location
restriction which follows the PCD regulation and guideline, geologic and hydrologic
conditions, available land area, local environmental conditions, surface water hydrology,
soil conditions and topography, site access and climatological conditions. In addition, as
with all the sites, public hearing should be conducted to the public when develop the plan,
identify organized groups likely to have an interest in the site selection process and also
political supporting during the long and costly implementation process is important to the
project's ultimate success. The results of this study will be distributed to provincial
officials in the seven provinces for further distribution to the public. An intensive public
participation campaign will be required with any of these four sites in order for a landfill to
be constructed. Community acceptance will be an important part of the success of this
study.
APPENDIX A
MUNICIPALITIES IN THE STUDY AREA
The upper southern region of Thailand consists of seven provinces, Chumphon, Krabi,
Nakhon Sri Thammarat, Phang Nga, Phuket, Ranong and Surat Thani Provinces. There are












Table Al Name of Municipalities in the Study Area
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APPENDIX B
AREA, POPULATION, POPULATION OF DENSITY, WASTE GENERATION
RATE OF MUNICIPALITIES IN THE STUDY AREA, 2000
The upper southern region of Thailand has a total area of 41,913.144 km 2 ,
approximately 59% of the total area of southern part of Thailand and 8.12% of the total
area of Thailand. The total population in the municipalities of this area is 891,139. With
respect to population density, it was determined that the municipalities in the study have a
mean population density of 853/km 2 .
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APPENDIX B
Table BA Area, Population, Waste and Generation Rate in the Study Area, 2000
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* the average of density of population and generation rate
APPENDIX B
(Continued)
Table B.1 Area, Population, Waste and Generation Rate in the Study Area, 2000
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* the average of density of population and generation rate
APPENDIX B
(Continued)
Table B.1 Area, Population, Waste and Generation Rate in the Study Area, 2000
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* the average of density of population and generation rate
APPENDIX B
(Continued)
Table 8.1 Area, Population, Waste and Generation Rate in the Study Area, 2000
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* the average of density of population and generation rate
APPENDIX C
POPULATION FORECASTS FOR MUNICIPALITIES IN THE STUDY AREA,
2000-2039
The data source, namely the year 1999 population registration from the Department of
Local Administration (DOLA) was used as the basis for making assumptions about the















































































































































































































































































































































































































































THE LOCATION OF DISPOSAL SITE FOR MUNICIPALITIES IN THE STUDY
AREA, 2000
The survey reveals that common waste handling techniques include heaping waste on the
ground, dumping it into pits, or putting it into piles followed by burning in open areas.
There are only 3 disposal sites in the study that dispose of solid waste by accepted sanitary
















































































































































































































































FORECASTS QUANTITIES OF SOLID WASTE FOR MUNICIPALITIES IN
THE STUDY AREA, 2000-2039
Quantities of solid waste in the municipalities of the study area will have increased quite
rapidly, at an average of 1.8% per year (2000-2005). The quantity of solid waste in the
study area will increase from 800 tons/day in the year 2000 to 1,050 in year 2004, then to
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